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BALUN FOR USE IN MAGNETIC
RESONANCE IMAGING (MRI) SYSTEMS

AND AN MRI SYSTEM THAT EMPLOYS
THE BALUN

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national phase application of
International Application No. PCT/EP2017/076548 filed on

Oct. 18, 2017, which claims the benefit of U.S. Provisional
Application Ser. No. 62/411,822 filed on Oct. 24, 2016 and

1s 1ncorporated herein by reference.

BACKGROUND

MRI 1s an 1maging technology that allows cross-sectional
viewing ol objects, such as those found 1n a human body,
with unprecedented tissue contrast. MRI 1s based on the
principles of nuclear magnetic resonance (NMR), namely,
that atomic nucler with non-zero spin have a magnetic
moment. In medical imaging, 1t 1s usually the nuclei of
hydrogen atoms, which are present in the human body in
high concentrations. Radio frequency (RF) waves are
directed at the nucler 1n strong external magnetic fields,
leading to an excitation of the protons and a relaxing of the
protons. Relaxation of the protons, results in RF signals
being emitted by the nucler that can be detected and pro-
cessed to form an 1mage.

A typical MRI system generally includes a magnet, such
as a superconducting electromagnet, for example, that pro-
duces a static magnetic field, gradient coils that produce
linear vaniations 1n the static magnetic field, radio frequency
(RF) transmit coils that produce the RF waves that excite the
nucler of the hydrogen atoms, and RF receive coils that
detect the RF electromagnetic radiation emitted by the
relaxing protons of the nuclei. Typically multiple transmit
coils and multiple RF receive coils are used 1n state-of-the-
art MRI systems. Coaxial cables are used in MRI systems
for the controlled transmission of RF signals within the
coils. A coaxial cable has an outer shield and an inner
conductor that are separated from one another by a dielectric
maternial. The outer shield 1s grounded and the inner con-
ductor 1s used to carry electrical current. The outer shield
protects the inner conductor from picking up undesired
frequencies. For this reason, coaxial cables are widely used
in MRI systems for interconnecting the RF coils, for inter-
connecting the RF transmitter to the RF transmit coils and
for interconnecting the RF receiver to the RF receive coils.

However, sources external to the cable can induce unin-
tended electrical currents 1n the outer shield. The tlow of
these umntended currents i1n the outer shield, typically
referred to as common mode noise, can generate umntended
magnetic fields. In this way, common mode noise can reduce
the shielding effect provided by the outer shield, thereby
making the cable susceptible to other types of noise, which
can degrade the performance of the MRI system. For these
reasons, balance/unbalance circuits (baluns) are typically
used with coaxial cables 1n MRI systems to suppress com-
mon mode noise. A variety of balun designs are used for this
purpose.

In state-oi-the-art MRI systems, eflorts are continuously
being made to increase the number of RF receive coils that
are used 1n order to increase the speed of 1mage acquisition.
In such systems, it 1s not uncommon to have anywhere from
eight to sixty-four RF receive coils. Each of these RF receive
coils 1s typically connected by a coaxial cable to an RF
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receiver that samples and digitizes the received RF signal.
Due to these increases in RF channel count, MRI system
designers are under continuous pressure to reduce the sizes
of components and sub-assemblies that are employed with
the RF receive coils. The physical dimensions of coaxial
cables currently used as state-of-the-art MRI systems places
a lower limit on balun size, vielding a result that 1s too large
for newer, denser RF coil arrays. Ultra-thin coaxial cable
(diameter less than one millimeter) has been 1n existence for
a number of years and has seen extensive use 1n the medical
industry, particularly 1n ultrasound imaging systems. In
medical fields 1n which ultra-thin coaxial cables are used,
baluns can be made very small through the use of very small
terromagnetic elements, such as ferrite beads, which cannot
be used MRI systems due to the large magnetic fields that are
produced.

The smallest baluns 1n current use in MRI systems require
that the coaxial cable be cut and the balun inserted between
the cut ends. Cutting the cables and installing the baluns
between the cut ends 1s a tedious process that increases
installation time and difficulty. Additionally, as the sizes of
the cables become smaller, special tools have to be used to
cut the cables and they are not always successtul. Baluns
currently 1n use that do not require the cable to be cut are too
large for most, 1f not all, applications where there MRI
system has a high RF channel count.

Accordingly, a need exists for an effective balun that 1s
suitable for use with miniature coaxial cables, that does not
require cutting of the cable, and that 1s small enough 1n size
to be used 1 MRI systems that have a high RF channel
count.

BRIEF DESCRIPTION OF THE DRAWINGS

The representative embodiments are best understood from
the following detailed description when read with the
accompanying drawing figures. It 1s emphasized that the
various Ieatures are not necessarily drawn to scale. In fact,
the dimensions may be arbitrarily increased or decreased for
clanty of discussion. Wherever applicable and practical, like
reference numerals refer to like elements.

FIG. 1 1illustrates a block diagram of an MRI system 1n
accordance with an 1llustrative embodiment that can incor-
porate the baluns described herein.

FIG. 2 1illustrates a block diagram of N RF receive coils
interconnected with an RF receiver by N coaxial cables,
cach having a balun 1n accordance with the present teach-
ings, where N 1s a positive integer that 1s greater than or
equal to 1.

FIG. 3 illustrates a cross-sectional block diagram of a
balun 1n accordance with a first representative embodiment.

FIG. 4 illustrates a cross-sectional block diagram of a
balun 1n accordance with another representative embodi-
ment.

FIG. 5 1llustrates a cross-sectional block diagram of a
balun 1 accordance with another representative embodi-
ment.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation and not limitation, representative embodiments
disclosing specific details are set forth in order to provide a
thorough understanding of the present teachings. However,
it will be apparent to one having ordinary skill in the art
having had the benefit of the present disclosure that other
embodiments according to the present teachings that depart
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from the specific details disclosed herein remain within the
scope of the appended claims. Moreover, descriptions of
well-known apparatuses and methods may be omitted so as
to not obscure the description of the representative embodi-
ments. Such methods and apparatuses are clearly within the
scope of the present teachings.

It 1s to be understood that the terminology used herein 1s
for purposes of describing particular embodiments only, and
1s not intended to be limiting. Any defined terms are in
addition to the technical and scientific meanings of the
defined terms as commonly understood and accepted 1n the
technical field of the present teachings.

As used 1 the specification and appended claims, the

terms “a”, “an” and *“‘the” include both singular and plural

referents, unless the context clearly dictates otherwise. Thus,
for example, “a device” includes one device and plural
devices.

As used 1n the specification and appended claims, and 1n
addition to their ordinary meanings, the terms “substantial”
or “substantially” mean to with acceptable limits or degree.
For example, “substantially cancelled” means that one
skilled 1n the art would consider the cancellation to be
acceptable.

As used 1n the specification and the appended claims and
in addition to its ordinary meaning, the terms “approxi-
mately” or “about” mean to within an acceptable limit or
amount to one having ordinary skill in the art. For example,
“approximately the same” means that one of ordinary skill
in the art would consider the 1tems being compared to be the
same.

In accordance with representative embodiments described
herein, an eflective balun 1s provided that 1s suitable for use
with mimature coaxial cables (1.e., less than 1 mm in
diameter), that does not require cutting of the cable in order
to install the balun, and that 1s small enough 1n size to be
used in MRI systems that have a high RF channel count. A
portion of each coaxial cable that extends from the RF
receive coils to the RF receiver of the MRI system 1s wound
multiple times around a device to form an inductor. The
inductor may be used with or without a separate resonant
circuit. If the balun includes a separate resonant circuit, the
inductor formed 1n the portion of the cable and the resonant
circuit couple with one another to generate a coupled
impedance having a high value at the frequency of interest
that suppresses common-mode noise in the cable. If the
balun does not include a separate resonant circuit, the
inductor formed 1n the portion of the cable provides an
inductance and the parasitic capacitance between the wind-
ings couples with the inductance to form a parallel 1imped-
ance 1n the cable that suppresses common-mode noise at the
frequency of iterest. A few representative embodiments
will now be described with reference to the figures.

FIG. 1 1llustrates a block diagram of an MRI system 100
in accordance with an illustrative embodiment that can
incorporate the baluns described herein. The MRI system
100 comprises a set of main coils 101, multiple gradient
coils 102 connected to a gradient driver unit 103 comprising
a gradient amplifier (not shown) and a gradient control unit
108, and an RF coil system 104 comprising RF transmit
coils (not shown) connected to an RF coil driver unit 1035
and RF receive coils 106a connected to an RF receiver 1065.
In accordance with this representative embodiment, the
receive coils 106q are connected to the RF receiver 1065 by
respective miniature coaxial cables that are equipped with
baluns 1n accordance with the present teachings, which wall
be described below in more detail.
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The receive coils 106a acquire MR signals from at least
a portion of a region excited by the RF transmit coils of the
RF coil system 104. The RF receiver 1065 includes RF
receiver circuitry (e.g., tuning, demodulation and amplifi-
cation circuitry) for detecting and recovering the MR signal
and analog-to-digital conversion (ADC) circuitry for con-
verting the MR signals into digital signals. The digitized MR
signals are transferred over a communications link 107 from
the RF receiver 1065 to a network hub 110.

The gradient coil driver unit 103 and the RF coil driver
unit 105 are powered by a power supply unit 109. A transport
system 111, such as, for example, a patient table, 1s used to
position a subject 112, such as, for example, a patient, within
the MRI system 100. The network hub 110 includes a control
and data acquisition system (not shown) that controls the
operations of the MRI system. A reconstruction unit 113
recerves MR data from the network hub 110 and reconstructs
the final MRI 1image. A display umt 114 such as a monitor
screen or a projector, for example, displays the reconstructed
image. A storage unit 115 stores data and computer instruc-
tions. A user input device 116, such as, for example, a
keyboard, a mouse, a trackball, etc., allows a user to operate
the MRI system 100.

The main coils 101 generate a steady and uniform static
magnetic field. The main coils 101 are arranged 1n such a
way that they typically enclose a tunnel-shaped examination
space (not shown), mto which the subject 112 may be
introduced. Another common configuration comprises
opposing pole faces with an air gap 1n between them into
which the subject 112 may be introduced by using the
transport system 111. To enable MR i1maging, temporally
variable magnetic field gradients superimposed on the static
magnetic field are generated by the multiple gradient coils
102 1n response to currents supplied by the gradient driver
unit 103. The power supply unit 109 supplies currents to the
multiple gradient coils 102, as a result of which gradient
pulses (also called gradient pulse wavelorms) are generated.

The gradient control unit 108 controls the characteristics
of the currents, notably their strength, duration and direc-
tion, flowing through the gradient coils 102 to create the
appropriate gradient wavetorms. The RF transmit coil of the
RF coil system 104 generate RF excitation pulses in the
subject 112, while the RF receive coils 106a receive MR
signals generated by the subject 112 1n response to the RF
excitation pulses. The RF coil dniver unit 105 supplies
current to the RF transmit coil elements of the RF coil
system 104 to cause the RF transmit coils to transmit the RF
excitation pulses.

The characteristics of the transmitted RF excitation
pulses, notably their strength and duration, are controlled by
the control and data acquisition system of the network hub
110. The RF transmit coils of the RF coil system 104 are
typically operated 1n one of two modes, namely transmit and
detune modes, by the control and data acquisition system via
a 1T/D switch 116. The T/D switch 116 1s provided with
clectronic circuitry that switches the RF transmit coils
between the two modes and prevents the RF transmit coils
from coupling noise during signal acquisition by the RF
receive coils 106a. The T/D switch 116 also switches the RF
receive coils 106a between two modes during operation,
namely, between receive mode and detune or decoupling
mode. The RF receive coils 1064 are switched to decoupling
mode during the transmit mode of the RF transmit coils and
to receive mode during the decoupling mode of the RF
transmit coils. The switching between the two modes of both
the RF transmit and receive coils 1s coordinated by the
control and data acquisition system of the network hub 110,
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typically under control of soitware and/or firmware being
executed by one or more processors of the control and data
acquisition system.

Having described an example of an MRI system in which
the baluns 1n accordance with the present teachings may be
employed, representative embodiments of the baluns will
now be described. FIG. 2 illustrates a block diagram of N RF
receive coils 106a interconnected with an RF recerver 1065
by N coaxial cables 221, each having a balun 230 in
accordance with the present teachings disposed between {first
ends and second ends of the coaxial cables 221, where N 1s
a positive integer that 1s greater than or equal to 1. Typically
N 1s greater than 1 and ranges from 8 to 64. Each RF receive
coll 106a detects an RF signal and generates an analog
clectrical MR signal. The outputs of the RF receive coils
1064 are connected to respective amplifiers 222 that amplily
the respective MR signals output by the respective RF
receive coils 106a and output respective amplified analog
MR signals onto respective coaxial cables 221. Each coaxial
cable 221 1s equipped with a balun 230 that removes
common mode noise from the respective coaxial cable 221.
As will be described below 1n more detail with reference to
FIGS. 3-5, each balun 230 includes an inductor formed from
multiple turns of the respective cable 221 about a device
made of a dielectric material. Thus, the baluns 230 are
coupled to the respective cables 221 without having to cut
the cables 221. The baluns 230 are designed to have a
resonant frequency that 1s equal to a frequency of interest of
the RF receive coils 106a such that the baluns 230 exhibit
high impedance at the resonant frequency that suppresses
common-mode noise.

The balun 230 can have various configurations, a few of
which will now be described with reference to FIGS. 3-5.
FIG. 3 illustrates a cross-sectional block diagram of a balun
230a 1n accordance with a {first representative embodiment.
In FIG. 3, one of the coaxial cables 221a shown in FIG. 2
1s shown wound about an outer surface of a device 235 to
form an imnductor 236 in the cable 221a. The direction of the
windings, or turns, of the inductor 236 1s represented by the
arrows 1n FIG. 3. A resonant circuit 237 disposed inside of
the device 235 1s magnetically coupled to the inductor 236
of the cable 221a. In accordance with this embodiment, the
device 235 1s at least partially hollow to receive the resonant
circuit 237 therein. The device 235 1s a made of a dielectric
material, such as a solid plastic material. The resonant circuit
237 1s represented 1n block diagram form by an inductor 238
clectrically coupled 1n parallel with capacitor 239. The
resonant circuit 237 can have a variety of circuit configu-
rations, but should be very small in size in order to meet one
of the goals of the present teachings of utilizing space
ciliciently 1n the MRI system 100. Persons skilled 1in the art
will understand how to configure a resonant circuit 237 that
1s sufliciently small 1n size to meet this goal 1n view of the
teachings provided herein.

The target resonant frequency of the resonant circuit 237
can be achieved by adjusting the inductance and/or the
capacitance of the resonant circuit 237 and/or by adjusting
the number, L, of turns of the inductor 236 formed of the
windings of the cable 221a, where L 1s a positive integer that
1s greater than or equal to 1. The coaxial cable 2214 has a
diameter that 1s typically less than or equal to 1.0 mm.
Because of the small diameter of the cable 221a, the
inductor 236 can have a large number of turns within a small
area, which results 1n the mductor 236 having a very large
inductance. When the large inductance of the inductor 236
couples magnetic fields created by common-mode currents
in the cable 221q into the parallel resonant circuit 237, a

10

15

20

25

30

35

40

45

50

55

60

65

6

large series impedance to common-mode signals 1s created,
which provides common-mode suppression for common-
mode signals propagating in the cable 221. Thus, the balun
230a 1s capable of providing eflective common-mode noise
suppression within a very small area, and without having to
cut the cable 221a 1n order to install the balun 230a. The
target resonant frequency of the resonant circuit 237 1s
achieved by adjusting the inductance and/or the capacitance
of the resonant circuit 237 and/or by adjusting the number of
turns of the inductor 236 formed of the windings of the cable
2215.

FIG. 4 1llustrates a cross-sectional block diagram of a
balun 2305 1in accordance with another representative
embodiment. The balun 2305 1s 1dentical to the balun 230q
shown 1n FIG. 3 except that the resonant circuit 237 shown
in FIG. 4 1s external to the device 235 and to the inductor
236. In FIG. 4, one of the coaxial cables 2215 shown 1n FIG.
2 1s wound L times about the outer surface of the device 235
to form the inductor 236 in the cable 2215, where L 1s a
positive integer that 1s greater than or equal to 1. The
direction of the windings, or turns, of the inductor 236 1is
represented by the arrows 1 FIG. 4. The resonant circuit 237
1s disposed proximate, but external to, the inductor 236.

The balun 2305 operates in the same way that the balun
230a operates, as described above with reference to FIG. 3.
The target resonant frequency of the resonant circuit 237 1s
achieved by adjusting the inductance and/or the capacitance
of the resonant circuit 237 and/or by adjusting the number of
turns of the inductor 236 formed of the windings of the cable
221b. In addition, an optional diamagnetic slug 234 can be
installed nside of and 1s at least partially contained in the
device 235 to alter the magnetic susceptibility of the cable
2216 1n the region of the inductor 236. The diamagnetic
material of which the slug 234 1s made may be, for example,
aluminum or copper.

At the target frequency of interest, the inductor 236
couples magnetic fields created by common-mode currents
flowing 1n the cable 2215 into the parallel resonant circuit
237, creating a large series impedance to common-mode
signals, which results 1n common-mode noise suppression.
Thus, the balun 2305 1s capable of providing eflective
common-mode noise suppression within a very small area
and without having to cut the cable 2215 1n order to install
the balun 2305.

FIG. 5 1llustrates a cross-sectional block diagram of a
balun 230c¢ 1n accordance with another representative
embodiment. In FIG. 5, one of the coaxial cables 221c¢
shown 1 FIG. 2 1s wound about the outer surface of the
device 235 L times, where L 1s a positive integer that 1s
greater than or equal to 1, in M layers, where M 1s a positive
integer that 1s greater than or equal to 1, to form an inductor
240 1n the cable 221c¢. The direction of the windings, or
turns, of the inductor 240 1s represented by the arrows in
FIG. 5. In accordance with the representative embodiment
shown 1n FIG. 5, L 1s greater than 2 and M 1s equal to 2. The
inductor 240 1s formed as follows: starting with portion
221c¢, of the cable 221c¢, the cable 221¢ 1s wound from left
to right about the device 235 looking at the drawing page to
form a first inductor layer 240a of the inductor 240; then,
starting with portion 221¢,, the cable 221¢ 1s wound from
right to left about the device 235 on top of the first inductor
layer 240a to form a second inductor layer 24056 of the
inductor 240.

In accordance with this embodiment, the balun does not
include the resonant circuit 237 shown 1 FIGS. 3 and 4.
There 1s a parasitic capacitance between the windings of the
inductor 240. The number, L, of windings and the number,
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M, of layers of the inductor 240 are chosen 1n such a way
that the inductance provided by the inductor in combination
with the capacitance between the windings of the imductor
240 provides an L.C resonant circuit that 1s self-resonant at
the target frequency of interest. The inductance coupled with
the capacitance provides a parallel impedance at the target
frequency of interest, which, 1n turn, suppresses common-
mode noise 1n the cable 221¢. The target frequency of
interest 1s achieved by adjusting the number of turns of the
inductor 240 and/or the number of layers that the inductor
240 has, and/or the diameter of the turns.

The balun 230c¢ 1s capable of providing eflective com-
mon-mode noise suppression within a very small area and
without having to cut the cable 221¢ 1n order to install the
balun 230¢. While the inductor 240 1s shown as having two
layers 240a and 2405, 1t can have any number, M, of layers.
As with the embodiment described above with reference to
FIG. 4, a diamagnetic slug 234 made of a diamagnetic
material (e.g., aluminum or copper) can be installed inside
of the device 235 to alter the magnetic susceptibility of the
cable 221c¢ in the region of the inductor 240.

It should be noted that the present teachings have been
described with reference to a few representative embodi-
ments for the purpose of demonstrating the principles and
concepts of the present teachings. Persons of skill in the art
will understand how to modily the se embodiments consis-
tent with the present teachings to achieve other embodi-
ments not explicitly described herein. It should also be noted
that the balun configurations described above with reference
to FIGS. 3-5 are merely examples of suitable balun con-
figurations that demonstrate the inventive principles and
concepts. For example, the inductor 236 shown i1n FIGS. 3
and 4 could have M layers of windings similar to the
inductor 240 shown 1n FIG. 5. Also the balun 230¢ shown 1n
FIG. 5 could include a separate resonant circuit similar to the
resonant circuit 237 shown in FIGS. 3 and 4, in which case
the resonant circuit could be internal to or external to the
device 2335. As will be understood by those skilled in the art
in view of the description being provided herein, many
modifications may be made to the embodiments described
herein while still achieving the goals of the present teach-
ings, and all such modifications are within the scope of the
invention. Also, the MRI system 100 shown 1n FIG. 1 and
described herein 1s an example of an MRI system that can
benefit from the use of the balun, but the invention 1s not
limited to the balun being used i1n this particular MRI
system.

What 1s claimed 1s:

1. A balun, comprising:

a device made of a dielectric material, the device having

an outer surface;

a coaxial cable for a magnetic resonance 1maging (MRI)
system, the coaxial cable having a first end and a
second end, a portion of the coaxial cable in between
the first and second ends being wound L times about the
outer surface to form a first inductor, where L. 1s a
positive mteger that 1s greater than or equal to 1; and

a resonant circuit having at least a second inductor and at
least a first capacitor that are electrically coupled to one
another, wherein the first inductor 1s configured to
magnetically couples common-mode noise at a 1ire-
quency of interest into the resonant circuit, the resonant
circuit and the first inductor being configured to pro-
vide the coaxial cable with a coupled impedance, and
wherein at the frequency of interest, the coupled
impedance has a high value for suppressing common-
mode signals propagating 1n the coaxial cable.
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2. The balun of claim 1, wherein the device 1s at least
partially hollow, and wherein the resonant circuit 1s disposed
inside of the device.

3. The balun of claim 1, wherein the resonant circuit 1s
disposed external to the device proximate the first inductor.

4. The balun of claim 3, further comprising:

a diamagnetic slug, the diamagnetic slug being at least
partially contained inside of the device.

5. The balun of claam 1, wherein the coaxial cable i1s
configured for use 1n the MRI system to carry analog
magnetic resonance (MR) signals from a radio frequency
(RF) receive coil to an RF receiver.

6. The balun of claim 5, wherein the coaxial cable has a
diameter that 1s less than or equal to one millimeter (mm).

7. A balun comprising:

a device made of a dielectric matenial, the device having
an outer surface;

a coaxial cable for a magnetic resonance 1imaging (MRI)
system, the coaxial cable having a first end and a
second end, a portion of the coaxial cable 1n between
the first and second ends being wound multiple times
about the outer surface to form a first inductor layer and
being wound multiple times about the first inductor
layer to form a second inductor layer on top of the first
inductor layer, the first and second inductor layers
comprising a first inductor, and wherein a parasitic
capacitance exists 1n between the windings, the para-
sitic capacitance and a first inductance of the first
inductor being configured to provide a resonant circuit
that has a parallel impedance at a frequency of interest
for suppressing common-mode signals propagating in
the coaxial cable.

8. The balun of claim 7, wherein the device 1s at least

partially hollow and wherein the balun further comprises:

a diamagnetic slug, the diamagnetic slug being at least
partially contained inside of the device.

9. The balun of claam 7, wherein the coaxial cable i1s
configured for use 1 the MRI system to carry analog
magnetic resonance (MR) signals from a radio frequency
(RF) receive coil to an RF recerver.

10. The balun of claim 9, wherein the coaxial cable has a
diameter that 1s less than or equal to one millimeter (mm).

11. A magnetic resonance 1imaging (MRI) system com-
prising;:

N radio frequency (RF) receive coils, each RF receive coil
being configured to detect an RF signal having a
frequency of interest and to output a magnetic reso-
nance (MR) signal, where N 1s a positive integer that 1s
greater than or equal to one;

N amplifiers, each amplifier configured to amplity an MR
signal outputted by a respective RF receive coil to
produce an amplified MR signal;

at least one RF receiver; and

a plurality of coaxial cables interconnecting outputs of the
amplifiers with inputs of the RF receiver, wherein the
amplified MR signals are carried on the coaxial cables
from the outputs of the amplifiers to the mputs of the
RF receiver, each coaxial cable having a balun com-
prising:

a device made of a dielectric material, the device
having an outer surface;

a first inductor formed by winding a portion of the
respective coaxial cable L times about the outer
surface to form the first inductor, where L 1s a
positive integer that 1s greater than or equal to 1; and

a resonant circuit having at least a second inductor and
at least a first capacitor that are electrically coupled
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to one another, wherein the first inductor 1s config-
ured to magnetically couples common-mode noise at
the frequency of interest into the resonant circuit, the
resonant circuit and the first inductor configured to
provide the coaxial cable with a coupled impedance,
and wherein at the frequency of interest, the coupled
impedance has a high value for suppressing com-
mon-mode signals propagating 1n the respective

coaxial cable.

12. The MRI system of claim 11, wherein the device 1s at
least partially hollow, and wherein the resonant circuit 1s
disposed 1nside of the device.

13. The MRI system of claim 11, wherein the resonant
circuit 1s disposed external to the device proximate the first
inductor.

14. The MRI system of claim 13, further comprising:

a diamagnetic slug, the diamagnetic slug being at least

partially contained inside of the device.

15. The MRI system of claim 11, wherein the coaxial
cable has a diameter that i1s less than or equal to one
millimeter (mm).

16. A magnetic resonance 1maging (MRI) system com-
prising;:

N radio frequency (RF) receive coils, each RF receive coil
being configured to detect an RF signal having a
frequency of interest and to output a magnetic reso-
nance (MR) signal, where N 1s a positive integer that 1s
greater than or equal to one;

N amplifiers, each amplifier amplifying an MR signal
outputted by a respective RF receive coil to produce an
amplified MR signal;
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at least one RF receiver; and

a plurality of coaxial cables interconnecting outputs of the
amplifiers with mputs of the RF receiver, wherein the
amplified MR signals are carried on the coaxial cables
from the outputs of the amplifiers to the mputs of the

RF receiver, each coaxial cable having a balun com-

prising:

a device made of a dielectric material, the device

having an outer surface; and

a first inductor formed by winding a portion of the

respective coaxial cable multiple times about the
outer surface to form a first inductor layer and
winding the portion of the respective coaxial cable
multiple times about the first inductor layer to form
a second 1nductor layer on top of the first inductor
layer, the first and second inductor layers comprising
a first inductor, and wherein a parasitic capacitance
exists 1 between the windings, the parasitic capaci-
tance and a first inductance of the first inductor being
configured to provide a resonant circuit that has a
parallel impedance at the frequency of interest for
suppressing common-mode signals propagating in
the coaxial cable.

17. The MRI system of claim 16, wherein each balun
turther comprises: a diamagnetic slug, the diamagnetic slug
being at least partially contained inside of the respective
device.

18. The MRI system of claam 16, wherein the coaxial
cable has a diameter that i1s less than or equal to one
millimeter (mm).
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